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Tevatron top & W/Z results

The Tevatron

DO detector

Instantaneous Luminosity: L= No N3 B fo
Amo2

Parameter Run 1 Run 2
CM energy (1/s, TeV) 1.80 1.96
N, (protons/bunch) 2 x 1011 3 x 101
Nj (antiprotons/bunch) 6 x 1010 6 x 1010
B (# bunches in ring) 6 36
fo (frequency, KHz) 50 50
Bunch spacing (ns) 3500 396
o2 (beam “area”, cm?) 3x107°° 2 x 107°
(L) (cm—2s~1) 1.6 x 103! 2 x 1032
[ £dt (fo~1) 0.125 £ 0.006 2 (2a), 15 (2b)
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The detectors at the Tevatron

D@

CDF

INTERACTION POINT
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Motivations to study the top and W /2

1. Many important tests and calibrations of the
SM (EW, QCD) at large mass scales through
production rates, kinematic distributions, and
decay characteristics.

2. Inthe SM, m; and myy constrain m g. Hence,
precision measurements of these help guide
the search for the SM Higgs boson.

3. 7+ ~ 10724 s = top decays before hadroniza-
tion = opportunity to study a bare quark,
free from long-range effects of the strong in-
teraction.

4. Likely to shed light on the mechanism of mass
generation; searches for mass-dependent cou-

plings.

5. Deviations from SM prediction in mass, width,
decay characteristics, and kinematical distri-
butions could lead to new physics. Top decay
Is an excellent place to look for certain parti-
cles beyond the SM (e.g., £, HT, ...) be-
lieved to be heavier than other SM particles.

Dhiman Chakraborty Recontres de Moriond, 2002



Tevatron top & W/Z results 4

o(pp — X) at+/s = 1.8 TeV
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e InRun 1, over 5 x 102 total collisions, one
in every 10%° producing a tf event, one in
every 2.5 x 10° producing a W event.

e When running at maximum luminosity, a tt
event was produced about every 3 hours, and
a W event every 3 seconds.

e But these events must be detected and filtered
out from the huge number of other processes.
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Production and decay of top quarks

e At the tevatron, top quarks are produced most
often In pairs via strong interactions.
o(pp = ttX) ~55ph@ /s = 1.8 TeV.

q t g t 9 5500 ———t
q t t g ooo0Y———1
Such events have been used in measuring the

the mass of the top quark (m.).

e In the SM, B(t — WTb) ~ 1 = final
state classified by the decays of the two W's:

w —> jj ev v

b

0 1qq

vilqu
D(//qu

0 lgg |#

b

e ldentification of b jets improves background
suppression.
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A dilepton candidate (CDF)

Iracking Miew | Tagged e u Event

' MET 49 Gel -- e* 57621_45238
25 Gell - pu~ 26-March, 1994

26 Gell —- Jet ¥1

(tagged by SUH and SLT)
25 Gel -- Jet ¥2
51 Gel -- Missing E4 ( MET)

Tevatron
beam pipe

Vertex Diews Primary Uertex
{ note scales )

j’ Secondary
i1 \ Uertex
Ellipse

£ \
«—— 35 centimeters ————

Dhiman Chakraborty Recontres de Moriond, 2002



Tevatron top & W/Z results 4

Physics of the top quark

SM

New Physics ?
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o(pp — tt) from Tevatron Run 1

DY CDF
Channel Nobs Nobs
Dilepton 5 9
Single lepton - 34
(SVX b-tag)
Single lepton 11 40
(Lepton b-tag)
Single lepton 19 -
(Topological)
All-hadronic 41 187
€T, UT - 4
ev 4 -
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o(pp — tt) from Tevatron Run 1

Top Cross Sections

CDF preliminary

2 4 6 8 10 12 14 16

G (pp ~ ti) (pb)

765 pb
517 pb
9.27% pb
8.47> pb

6.5, pb

HAD
SVX
SLT
DIL
Combined

Theory (4.7 - 5.5)

6.4+ pb
417 pb
8.3%7 pb
7157 pb

597 pb

DIL

L+J (topo)
L+J (u-tag)
HAD
Combined
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my from single lepton events at D@
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Measurement of m; from Tevatron Run 1

Tevatron

Top Quark Mass Measurements

168.4 + 12.8 GeV/c* D@ Dilepton
173.3 £ 7.8 GeV/c* D@ Lepton+jets

172.1 + 7.1 GeV/c* D@ Combined

167.4 £ 11.4 GeV/c* CDF Dilepton
175.9 £ 7.1 GeV/c* CDF Lepton+jets

o 186.0 £ 11.5 GeV/c*CDF All—Hadronic

o

176.0 £ 6.5 GeV/c”> CDF Combined

174.3 £ 5.1 GeV/c” Tev. Combined

150 160 170 180

190 200

Mo (GeV/c?)

The top quark has the best measured mass
of all quarks (~ 3% precision)
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my and o (¢t) from Tevatron Run 1
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Single top production
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e Study of electroweak interactions at a mass
scale of m.

e Direct measurement of | V3.

e Significant background for SM Higgs _
(pp — VHOX;V = W+*/Z° HC — bb).

e SM: 0.73(s) + 1.73(t) =~ 2.4 ph.

e 0 < 13.5pb(s+ t)at95% CL (CDF)

e 0 < 17pb(s),c <22pb(t)at95% CL (D)
e Will be able to observe in Run 2.
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Top-antitop spin correlation

e SM = 7 < top hadronization timescale
< tt spin decorrelation timescale =-spin cor-
relation information should reflect in angular
correlation of decay products.

o |* .

t

1 dIf 1+ a;Cosb;
rd(cosb;) 2
et ord 1
v oru -0.31
W 0.41
b -0.41
e Fortt — 171~ X events,
2
1 d<o :1-|—ncose+cose_; el
od(cosf4)d(cosh_) 4
e SM: Kk = 0.9.

e DO: v > —0.25 at 68% C.L.
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W helicity in top decay

e SM at leading order:

I = (hw = 0)
° 7 (hw=0)+(hw = —1)
— mf/(Zm%/) ~ 0.70

1 4+ mz/(2miy)

e The massive top quark exposes the longitudi-
nal mode of WV/: a window to EWSB?

e Charged lepton from a W_ (WWp) tends to
move opposite (perpendicular) to the W di-
rection of motion =W polarization is reflected

In pT(l).

e Fitsof hyw = O, hyw = —1,and hyy = +1
Monte Carlo to CDF dilepton and lepton+jets
data =

Fo(W) =0.91 £0.37 £0.13
F+(W)=0.11+0.15+0.06
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tt 1nvariant mass and kinematics

e Important test for the SM (QCD, EW).

e Search for non-SM top quark condensates.

20

—@- CDF 95% C.L. Upper Limitsfor ' = 0.012M
-O- CDF 95% C.L.Upper Limitsfor I = 0.04M
B “ || = Leptophobic Topcolor Z', " = 0.012M

% || ==== Leptophobic Topcolor Z', I = 0.04M

o, * Br{X- tt} (pb)

CDF Préiminary

I TR |
600

I I VI |
700

0.5 ‘ 1 1 1 ‘ 1 1 1 1
800

400 500

w0 1000
M, (GeV/cz)

D@: results coming soon.

e Both CDF and D@ have examined various
kinematic distributions and find all to be In
excellent agreement with SM predictions.
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Searchfort — H™b

e Charged Higgs arise In the simplest exten-

sion of the SM Higgs sector to a two-Higgs-
doublet model.

o If my+ < my— my, thent — HTbcould
compete witht — W b depending on [m g+,tan ]
(where tan 8 = ratio of VEV’s of the two
scalar doublets)

160 ‘

m(H") (GeV)

PIWbb 4

100 — 4.4

BR(t = H*b) > 0.9

| | L1
1 10 10°
tan B
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Search fort — H™b: results

Both D@ and CDF have searched for t — H b
and excluded a significant portion of the previ-
ously unexplored region of the [m +, tan B] pram-

eter Space.
160
3 = Direct Search, Bayesian
Q 140 —e- Direct Search, Frequentist
A = |ndirect Search, Bayesian
= 120 A Indirect Search, Frequentist
S
T 100
80 g ] L
1 10 100
DO tan B

180F s Ldt=106pb™ .

1ol CDF Excluded

L (95% C.L.)
85140  Dilepton ChonneN
; i (eT+X, ut+X)
K120F
E‘g‘IOO =

LEP Excluded (95% C.L.) |

Lo . |
40 >

CDF N tng
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Measurement of my;, from Tevatron Run 1

x2/Nexp =0.6/4

80.360 +/- 0.370

80.410 +/- 0.180
80.470 +/- 0.089
80.433 +/- 0.079

80.350 +/- 0.270
80.498 +/- 0.089
80.483 +/- 0.084
80.454 +/- 0.060
80.450 +/- 0.039

80.451 +/- 0.033
L L L

| B - UA2 (W - &)

| 0 ICDF(Run 1A, W - ev,uv)
@ CDF(Run 1B, W - ev,uv)
—@ 1 CDF combined

o ' DO(Run 1A, W - ev)

'@ | DO(Run 1B, W - ev)
—@— DO combined

@ Hadron Collider Average

® LEPII (ee -~ WW)

® World Aver age

795 79.7 799 801 803 80.5 80.7 809 811 813 815

Mw (GeV)

Dhiman Chakraborty

Recontres de Moriond, 2002



Tevatron top & W/Z results 20

Measurements of ' (W) and B(W — ev)

T T ‘ T

Direct: SM

LEP —e—i 2.150 +- 0.091
CDF —eo—i 2.055 +- 0.125
D@ (Preliminary)  +——e—— 2231+ 0.172
Indirect:

CDF+D@ e 2.171 +- 0.052

P

e L1
15 17% 2 225 25

My (GeV)
SM Prediction
ALEPH e |
| ° o DELPHI
| ° | L3
| ° — OPAL
— LEP2
| ° DO
1 | CDF
| pp
S R RN B B N T RS T
9.5 10.0 105 11.0 11.5
Fw(-evir,, %
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Direct measurement of " (W) by D@
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Constraint on m g from m; and myy,

Top quark and Higgs boson contribute to the ra-
diative (loop) corrections to myy:

Amy x my;

2 Amw x INnmg.

Thus, myy and m; together constrain m go.
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Summary

e Using ~ 110 pb~! of data collected from
Run 1 of the Fermilab Tevatron, both D@ and
CDF have studied many aspects of top quark
and W /Z physics including measurements
of production cross sections and masses, se-
veral tests of the SM, and some searches for
physics beyond the SM.

e m = 174.3 £ 5.1 GeV (3% uncertainty:
best of all quarks).

e my = 80.454 £ 0.060 GeV (competi-
tive with LEP?2).
' = 2.171 £ 0.052 GeV (best yet).
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Summary (contd.)

e All results are consistent with the SM predic-
tions:

— various top, W/ Z kinematic distributions
and ratios,

— single top production,
— top-antitop spin correlation,
— W helicity in top decay,
~ B(t — WTb), [Vy|.
e Searches for rare and non-SM decays of top
have revealed no signal, leading to exclusion

of previously unexplored regions of parame-
ter space.

—t— HTb
AR
-t —vq,t— Zq
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Future Outlook

e Run 2 of the Tevatron, presently in an early
stage, holds much potential.

— Accelerator upgrade =~

o(tt) 55pb | ~ 7.0pb
[Ldt |110pb=! | ~ 15 b1

— Detector upgrades =-

x Improved signal acceptance.
x Superior background rejection.

e Signal enhancement of ~300x for tt and
~1000 x for single top.

e Better background rejection.
e —>-2-3X reduction in Am¢, Amyyy.

e All other studies (including those on which
first results have been obtained) are dominated
by statistical uncertainties. These will benefit
greatly from Run 2.
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Future Outlook (contd.)

Top quark Precision
property Run 1 measurement Run 1 Run 2a Run2b
Mass 174.3 £ 3.3+ 3.9 GeV 2.9% 1.2% 1.0%
o (tt) 6.51]"/ pb (CDF) 25% 10% 5%
o (tt) 5.9+ 1.7 pb (DY)
Fo(W) 0.914+0.37+£0.13 0.4 0.09 0.04
FL (W) 0.11 +0.154+0.06 0.15 0.03 0.01
J;z( = 0.941037 (3-gen.) 30% 4.5% 0.8 %
e > 0.61at90% C.L.
|Vio| 0.967715 (3-gen)

> 0.051 at90% C.L. >0.05 >025 >0.50
o (single top) < 13.5pb — 20% 8 %
C(tWb) — — 25% 10 %
| Vi — — 12% 5%
B(t — ~vq) < 0.03(9%5% C.L.) < 0.03 ? ?
B(t — Zq) < 0.32(9%5% C.L.) <03 <0.02 ?
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